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Introduction
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are the most common causes of hospitalization and death among severe COPD (chronic obstructive pulmonary disease) patients, with frequent exacerbations leading to a more rapid decline in lung function and prolonged time to recovery to previous health status as well as reducing 5-year survival. [1] [2] [3] [4] [5] To improve survival and reduce costs, clinicians must be able to identify individuals at the highest risk for poor outcomes so that effective interventions can be implemented.
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Exacerbations become more frequent and increasingly severe as COPD progresses, with past history of frequent exacerbations increasing the likelihood of subsequent exacerbations. 6, 7 However, some patients are more susceptible to exacerbations than others and show worse health status and faster disease progression than those with infrequent exacerbations. 8, 9 The latest Global Initiative for Chronic Obstructive Lung Disease document recommends antibiotics and systemic corticosteroids for the management of AECOPD. 4 Inadequate or insufficient antimicrobial therapy may be responsible for exacerbation recurrence; however, historical patient characteristics and disease severity may be equally as important as exacerbation severity regarding its symptoms. In particular, older age (.65 years), presence of severe COPD (forced expiratory volume in 1 second [FEV 1 ] ,50%), frequent exacerbations ($3 in the previous 12 months), and comorbid cardiac disease have previously been identified as predictors of a higher risk of poor outcomes and also identify patients as having complicated COPD. [10] [11] [12] [13] [14] Stratifying patients according to these host factors can help the management of patients at high risk for unfavorable outcomes, with guidelines recommending adequate, appropriate antibiotic treatment for these individuals, amoxicillin/clavulanic acid (AMC) being most often listed and a respiratory fluoroquinolone is also commonly included. 11, 15, 16 Nevertheless, although these factors may help guide management, more information is needed on the mechanisms of failure and rapid relapse, particularly in high risk individuals.
The MAESTRAL (Moxifloxacin in AECOPDs trial) study enrolled 1,352 elderly outpatients with Anthonisen type 1 exacerbations and moderate-to-severe COPD (FEV 1 ,60% predicted) and compared the clinical efficacy of moxifloxacin (MXF) and AMC with regards to clinical failure rate at 8 weeks posttherapy. 17 The study showed that MXF was noninferior to AMC, with MXF also significantly reducing the clinical failure rate vs AMC, in patients with microbiologically confirmed bacterial exacerbations. 17 The current post hoc analyses of the MAESTRAL cohort sought to determine whether new factors indicative of poor outcome of AECOPD could be identified in this population when AECOPD is treated with antibiotics ± systemic corticosteroids consistent with current guidelines.
18
Materials and methods study design MAESTRAL was a Phase III, prospective, multinational, randomized, double-blind, double-dummy, noninferiority, controlled study, comparing the efficacy and safety of 5-day oral MXF 400 mg, once daily with 7-day oral AMC 875/125 mg, twice daily in elderly ($60 years old) outpatients with a history of AECOPD with an Anthonisen type 1 exacerbation (NCT00656747). 17, 19 Randomization was stratified based on concomitant administration of a 5-day course of systemic steroids (30-40 mg/d prednisolone or equivalent, according to physician preference) for the current exacerbation at the treating physician's discretion to ensure equal numbers of steroid treated patients per arm. The study protocol was approved by the ethics committees, and patients provided their written informed consent.
Spontaneous sputum samples were obtained from all patients and assessed in a local laboratory by Gram stain, culture, and susceptibility testing at enrollment, during therapy, at end of therapy (EOT), and at 4 and 8 weeks posttherapy. Sputum samples were sent to a central laboratory where reidentification of organisms and culture positivity was confirmed. Further details of the study design and the primary results have been reported previously. 17, 20 The primary efficacy endpoint was a clinical failure at 8 weeks posttherapy in the per-protocol population, and the study was powered to show noninferiority between treatments. 17 Clinical failure was defined as the requirement for additional or alternate treatment for an exacerbation of respiratory symptoms, with systemic antibiotics and/or systemic corticosteroids (including increased dose or duration of treatment) and/or hospitalization with systemic antibiotic and/or systemic corticosteroid administration within 8 weeks posttherapy.
Post hoc analyses presented in this paper were conducted in the intent-to-treat (ITT) population. Clinical factors analyzed were various demographic parameters (including geographical location), age, employment status, medical history, Acute Exacerbation of Chronic Bronchitis Symptom Scale factors, 21 and aspects of exacerbation history. The influence of medications was also investigated, including coadministration of systemic corticosteroids for the current exacerbation or maintenance therapy with inhaled corticosteroids, bronchodilators (eg, xanthine derivatives, short-and long-acting β 2 -agonists [SABA and LABA], and short-and long-acting anticholinergics [SAMA and LAMA]). Microbiological factors investigated included presence and number of species in the sputum samples collected during the study (ie, pretherapy, during therapy, EOT, 4 and 8 weeks posttherapy) and in vitro resistance of isolated organisms to study drugs.
statistical analyses
The association with clinical failure at EOT and at 8 weeks posttherapy of 59 variables described briefly earlier was 
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Prognostic factors for clinical failure in aeCOPD evaluated by univariate and multivariate stepwise logistic regression analyses. The threshold for significance was set at P,0.1 for variables in the univariate model (data not shown). The independent prognostic contributions of these variables were then entered into the multivariate logistic regression model to determine which factors remained significantly predictive in the presence of the others, using a threshold for significance of P,0.05. In the first step, a stepwise (backward eliminating) logistic regression analysis was performed to identify the independent predictors. Second, the identified parameters were included in a one-step logistic regression model to calculate odds ratios and 95% confidence intervals presented in this manuscript. Treatment (MXF vs AMC) was included in the logistic regression model regardless of its significance level. 22 The goodness-of-fit of the model (χ 2 ) was evaluated by Hosmer and Lemeshow test with P.0.05 as threshold, with higher P-value indicating better fit. To estimate the performance and efficiency of the logistic regression model (or to check overfitting), bootstrap approach was implemented with 500 and 1,000 randomly selected replicates from the entire dataset. Discrimination of the model was determined by receiver operating characteristics curve analysis, and the area under the curve was determined. Variables were considered as either continuous or categorical. Parameters of individual patients were not analyzed if values were missing.
Results
The ITT population consisted of 1,352 randomized patients with the majority being $65 years (72%), being male (80%), having at least one coexisting illness (80%), 35% had systemic corticosteroid treatment for the current exacerbation, and on average patients had (mean ± standard deviation) 2.5±1.1 exacerbations in the past 12 months (Table 1) . Clinical failure rate in the total ITT population was 7.6% at the EOT and 21.0% at 8 weeks posttherapy.
Univariate analyses identified several variables that were related to clinical outcome at both EOT and 8 weeks posttherapy (data not shown). The multivariate analysis revealed a number of predictive factors significantly associated with clinical failure either at EOT ( Figure 1 ) and/or 8 weeks posttherapy ( Figure 2 ).
end of therapy
Prognostic factors associated with a higher risk of clinical failure at EOT included increased frequency of exacerbations in the previous 12 months, clinical assessments of lower body temperature (BT) and increased respiratory rate at the current exacerbation, maintenance treatment with LAMA, and in vitro bacterial resistance to study drug pretherapy ( Figure 1 ).
weeks posttherapy
Clinical failures at EOT were carried forward to 8 weeks posttherapy; this includes all true failures and relapses. At 8 weeks posttherapy, lower BT continued to be highly predictive for clinical failure in the multivariate analysis. Wheezing at preexacerbation was associated with increased risk of clinical failure, whereas patients with severe sleep disturbances had less failures. Additional significant predictors included markers of disease severity such as lower body mass index (BMI) and lower FEV 1 (,30% predicted) (Figure 2) .
Patients' treatments were associated with their risk of failure. Patients receiving systemic corticosteroids (but not those receiving inhaled medication) for the current exacerbation, maintenance LABA and LAMA treatments were at higher risk of clinical failure. We looked at whether patients on systemic corticosteroids, LABA, or LAMA therapy had additional characteristics for being at higher risk of poor outcome.
Patients who received systemic corticosteroids for their exacerbation (vs those who did not) had a history of respiratory disorders, FEV 1 ,30% (predicted), greatly increased dyspnea, increased heart rate (.90 beats/min) and respiratory rate (.20/min) more frequently, and reported cough very frequently/all the time. 17 Patients with maintenance LABA therapy (vs those without) had more comorbidities (eg, diabetes [ 
Discrimination and goodness-of-fit analyses
Discrimination of the models at EOT and 8 weeks posttherapy was tested by receiver operating characteristics analysis to estimate the probability of true positive failures. To test the predictive strength of the logistic regression models, Hosmer and Lemeshow test was performed. The predictive strength of the EOT and 8 weeks posttherapy logistic regression models is demonstrated by the goodness-of-fit P-values of 0.53 and 0.98, respectively (ie, P.0.05). Internal validation of the models was implemented in bootstrap analyses by using 500 and 1,000 random replicates selected from the entire dataset for both time points, confirming the results of the logistic regression analysis (data not shown).
Discussion
Patients in this large (N=1,352) study met current definitions of complicated COPD: being elderly ($60 years old) with moderate-to-severe airway obstruction (all with FEV 1 ,60%, 25% with FEV 1 ,30%), $2 exacerbations per year, and 80% with comorbid conditions. 17 However, as it can be seen in this analysis (Table 1) , many patients did not receive guidelineapproved treatment (eg, LABA and LAMA). The post hoc analyses presented in this paper have identified several novel observations that may help predict treatment failures of AECOPD when treated according to the guidelines. Consideration of the results is also helpful, highlighting hypotheses about the complexity of the underlying pathomechanisms of acute exacerbation of COPD. Frequent exacerbations and subsequent hospitalizations worsen quality of life 23 and increase mortality risk; 5 therefore, avoiding clinical failure in such patients has both short-and long-term benefits.
These analyses confirm the results of previous studies showing that more frequent exacerbations increase the risk of failure at EOT and more severe airflow obstruction is associated with poor outcome for up to 8 weeks posttherapy. 10, 13, 24 However, all enrolled patients had a FEV 1 ,60% and $2 exacerbations in the previous year, and this may account for frequent exacerbations not influencing failure at 8 weeks posttherapy and the influence of low FEV 1 being less influential than in previous studies.
Interestingly, age and cardiac comorbidity were not found to be predictive of poor outcome in this study in contrast to previous studies. 12, 13 The lack of effect of older age is likely due to the threshold of 60 years required for inclusion and 72% of the study population being $65 years, narrowing the age spectrum for this analysis. Similarly, over two-thirds of patients had a cardiovascular comorbidity, reflecting the elderly population and smoking history, thereby, making the influence of this variable difficult to determine. 17 It should also be noted that patients with clinically relevant bradycardia, history of symptomatic arrhythmias, and heart 
990
Wilson et al failure with documented reduced left-ventricular-ejection fraction were excluded from the study, according to the label of MXF. 17 Previous antibiotic trials of AECOPD have not shown clear associations between baseline bacteriology and bacteriological response to clinical outcomes in AECOPD. An important finding in MAESTRAL was that pretherapy presence of bacterial pathogens resistant to study drugs predicted clinical failure at EOT, and the presence of a positive bacterial culture at EOT increased the risk of clinical relapse over subsequent weeks. Sputum cultures are currently not advocated in the routine management of AECOPD. 4 Our data suggest that pathogen-directed treatment (particularly when at risk of carrying resistant pathogens) could be beneficial for outpatients and may prevent clinical failure and relapses after treatment. Therefore, sputum cultures should be considered in at-risk patients. Among the novel factors identified with poor outcome, the most surprising observation was that the use of oral corticosteroids at exacerbation was associated with worse clinical outcomes at 8 weeks but not failure at the end of the treatment. The obvious explanation is that treating physicians determined the use of oral corticosteroids in patients who had more severe disease; 17 a worse outcome in those individuals 
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Prognostic factors for clinical failure in aeCOPD could, therefore, be expected. Among corticosteroid-treated patients, a significantly larger proportion had a history of respiratory disorders, FEV 1 ,30% predicted, greatly increased dyspnea, increased heart rate and respiratory rate, and very frequent cough at the "current exacerbation"; thus presenting with more severe exacerbations. 17 Previous studies have demonstrated that oral corticosteroids reduce treatment failures in exacerbations in hospitalized patients and those attending emergency departments. None of these studies examined an outpatient office-based population as was conducted in the MAESTRAL study. [25] [26] [27] [28] [29] [30] An important difference between these previous trials and the current study is that the antibiotics used here were appropriate for the severity of these patients, while in some previous studies, antibiotics of limited bacteriological efficacy were used 29, 31 or were not documented. 26, 30 Another significant difference is that while previous studies included all Anthonisen grades of nonhospitalized patients, this study included only type 1 exacerbations in which the likelihood of bacterial infection was greater.
Not only those patients receiving systemic corticosteroids during exacerbation, but also those receiving LABA and/or LAMA long-term were more likely to relapse during the following 8 weeks. Our analyses suggest that this is most likely because patients had more severe diseases and more comorbidities as described above. However, despite these treatments, patients remain at higher risk of failure; therefore, alternative management needs to be explored. Targeted antibiotic treatment guided by sputum cultures at exacerbation and EOT may be one such approach. Among these three treatments, LAMA treatment was the only one associated with early failure at EOT. Wheezing at preexacerbation was another factor associated with failure at 8 weeks posttherapy, which may be reflective of disease severity, making relapses more likely to occur.
A novel observation in this study was that the presence of lower BT (ie, #36°C) during exacerbation increased the risk of clinical failure at EOT and 8 weeks posttherapy. The body's thermogenic capacity, in both healthy and infected individuals, is centrally regulated and depends on nutritional status, basal metabolic rate, diet, and physical activity. 32, 33 Lower BT may be the result of poor health status and malnutrition (represented as BMI ,20 kg/m 2 and/or decreased fat-free mass) that are frequently observed in COPD patients. This analysis also showed that patients with the lowest BMI values were at the highest risk of experiencing clinical failure. COPD patients often suffer from low appetite, weight loss, fatigue, muscle dysfunction, and other metabolic impairments, which likely influence their respiratory function and physical activity level. 34 The effect of low BMI may have been marginally significant in the analysis because of an increased clinical failure rate at 8 weeks posttherapy in patients with a BMI of .35 kg/m 2 . Previously, hypothermia has been known to predict worse outcomes in critically ill patients, 35, 36 particularly the elderly, 35, 36 and it may increase the risk of pneumonia 37 or mortality 36 and could be indicative of an inadequate host response to infection. 33 In our study, patients who had higher BT at exacerbation (ie, .37°C) showed the lowest risk of clinical failure at EOT and 8 weeks posttherapy. Of note, patients with BT #36°C were more likely to be receiving LAMA treatment (13.6% vs 8.0%, respectively; P,0.01).
Increased respiratory rate, a parameter reflecting the severity of the acute exacerbation episode, was associated with worse outcomes at EOT. Sleep disturbances are common in COPD patients (up to 75% of patients) and could be linked to increased exacerbation frequency and impaired quality of life. 38 However, in the present analysis, the presence of more severe sleep disturbances during the presenting exacerbation episode was associated with lower likelihood of relapse in the following 8 weeks. This observation seems counterintuitive, but these patients might have received more supporting therapy. 17 Our results present a number of predictive variables (at EOT: 5 variables, at 8 weeks posttherapy: 10 variables) which were identified in a step-by-step statistical analysis and, furthermore, validated by bootstrapping and goodnessof-fit tests, providing a rather strong prediction model for such patients, particularly for the follow-up period. However, these results should be generalized with great caution to the general COPD population and best applied to those elderly with complicated COPD, experiencing an Anthonisen type 1 exacerbation. 22 In conclusion, this study has identified several clinically useful predictive factors for clinical failure in AECOPD, in addition to known factors such as age, severity of airflow obstruction, frequency of previous exacerbations, and cardiac comorbidity. Closer attention should be paid to the frequency of exacerbations and severity of underlying COPD, as gradations observed in these parameters influence clinical outcome. Severity of changes in wheezing at preexacerbation, respiratory rate, and BT at exacerbation should be warning signals of poorer outcome. In addition, markers of disease severity such as low BMI, use of systemic corticosteroids, and LAMA and LABA treatments can be used to identify patients at risk for relapse following 
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Wilson et al treatment recommended in the guidelines. Our findings also emphasize the need for further studies investigating important questions, particularly whether evaluation of sputum microbiology and pathogen-directed therapy should be recommended to minimize the risk of poor outcomes. Sputum culture is currently not recommended for outpatients with AECOPD. However, the association of the presence of bacterial pathogens resistant to study drugs and positive bacterial culture at EOT with worse clinical outcomes strongly suggests that this question should be revisited. As new therapies are developed to treat infection and inflammation in AECOPD, enrollment of patients with previously known and newly identified poor prognostic factors will need to be identified to ensure that studies are adequately powered to include well-balanced study groups and to allow appropriate subgroup analyses. In the interim, patients at risk of poorer outcomes should be closely monitored before, during, and after treatment of their exacerbation and additional interventions implemented to resolve the exacerbation and prevent relapses.
